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N-tenninal Processing 
of MI Patient Serum Tnl 

1 25 
(H) A-D-G-S-S-D-A-A-R-E-P-R-P-A-P-A-P-I-R-R-R-S-S-N-Y- 
(F) 

26 50 
R-A-Y.A-T.E-P-H.A-K-K-K.S.K-I-S-A-S-R.K-L-Q-L-K-T- 
A-Y-A-T-E-P-H-A-K-K-K-S-K-I-S-A-S-R-K-L-Q-L-K-T- 

51 

L-L-L-Q-I-A-K-Q-E-L-E-R-E-A-E-E-R-R-G- 
L-L-L-Q-I-A-K'-Q.E-L-E.R.E-A-E-E-R-R-G- 



H: Human Tnl (native) 

F: Patient Serum Tnl Fragment 

(57) Abstract 

The present invention relates to an isolated fragment of human cardiac troponin I (Tnl) comprising the following sequence X - A - 
B - Y wherein X comprises any of amino acid residues 1-27 of SEQ ID NO: 2; A comprises amino acid residues 28-69 of SEQ ID NO: 
2; B comprises amino acid residues 70-90 of SEQ ID NO: 2; and Y comprises any of amino acid residues 91-170 of SEQ ID NO: 2. The 
present invention further relates to fragments of Tnl wherein the fragment has a greater immunologic reactivity than intact cTnl when the 
fragment and intact cTnl arc reacted with a monoclonal antibody, which has an epitopic site on the fragment. 
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Troponin I Forms and Use of Same 

FIELD OF THE INVENTION 

This invention relates to the field of the 
diagnosis and treatment of myocardial infarction (MI) • 
More particularly it relates to novel fragments of 
cardiac Troponin I and their use. 

BACKGROUND OF THE INVENTION 

Rapid and simple tests that can be used to 
accurately diagnose the occurrence of Mis are 
extremely important. One biochemical test that can be 
used in the diagnosis of MI is the MB isoenzyme of 
creatine kinase ("CK-MB"), However, CK-MB can also be 
found in skeletal muscle and in blood after skeletal 
muscle injury. Thus, CK-MB is not completely specific 
for cardiac muscle. See, e.g., Cummins, et al. 
(1987) , "Cardiac-Specific Troponin I Radioimmunoassay 
in the Diagnosis of Acute Myocardial Infarction", 
A;nerican Heart Journal, June 1987, Vol. 113, No. 6. 
Another disadvantage of the CK-M3 test is that the 
amount of CK-MB in the skeletal muscle varies with the 
degree of skeletal muscle regeneration, information 
which may often not be known when administering a test 
or analyzing a test result for MI, Another 
disadvantage of the CK-MB test is that CK-MB remains 
elevated for only 2-3 days after the onset of chest 
pain. For patients admitted after - that time, the CK- 
MB test will be of limited, if any, value. See, e.g., 
Cximmins, et al. (1987). Thus, due to the lack pf 
specificity of the CK-MB test, and the limited \ime 
frame for its use as a diagnostic tool, CK-MB is not 
the MI test of choice. 
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Other enzyme assays exist , such as lactate 
dehydrogenase (LDH) and glutamic oxaloacetic 
transaminase (GOT) . However, the frequent serial 
measurements required in the very early hours after 
the onset of chest pain can present difficulties for 
an absolute specific diagnosis. See, e.g., Larue, et 
al. (1992), "New Monoclonal Antibodies as Probes for 
Human Cardiac Troponin I: Epitopic Analysis With 
Synthetic Peptides", Molecular ImmunologY, Vol. 29, 
No. 2, pp. 271-278. Thus, the prior art has 
recognized the need for an accurate cardiac-specific 
biological parameter detectable in serum very soon 
after MI and remaining present for more than 2-3 days 
after the onset of MI. 

Troponin I (Tnl) is the inhibitory sub-unit of 
Troponin, a thin filament regulatory protein complex, 
which confers calcium sensitivity to the cardiac and 
striated muscle. The Troponin complex consists of 
three subunits: Troponin T (TnT) , the tropomyosin 
binding subunit. Troponin C (TnC) , the Ca+-f binding 
subunit; and Tnl, which inhibits the actomyosin Mg+H— 
ATPase, 

Troponin I exists in three isoforms: two skeletal 
muscle isoforms (fast and slow) (Molecular Weight = 
19,8 00 daltons) and a cardiac Tnl isoform (cTnl) with 
an additional 31 residues (human Tnl) on the 
terminus resulting in a molecular weight of 23,000 
daltons. Cardiac Tnl is ixniquely located in the 
myocardium where it is the only isotype (Cummins, P. 
and Perry, V.S., (1978) BiochBin. J. 171:251-259. The 
amino acid sequence of cardiac Tnl from various 
species has been determined . There is little 
difference in the primary structure between human 
cardiac Tnl (209 amino acids) and bovine cardiac Tnl 
(211 amino acids). More differences are seen between 
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cardiac Tnl and skeletal muscle Tnl. (Leszky et al. 
(1988) Biochemistry^ Vol. 27, pp. 2821-2827) • 

Cardiac Tnl (cTnl) rapidly appears in human serum 
(within approximately 4 to 6 hours) following a MI. 
It reaches a peak level after 18-2 4 hours and remains 
at elevated levels in the blood stream for up to 6 to 
7 days. Thus, immunoassays which can test for human 
cTnl are valuable to the medical community and to the 
public. 

The Tnl released into circulation is very 
specific for myocardial injury. Little information is 
presently known about Troponin I present in the 
circulation after being released from the heart . 
Knowledge about Tnl in MI patient serum is very 
important for studying the effects of MI on heart 
muscle as well as for developing assays to assist in 
the diagnosis and treatment of MI patients. 

It is desirable to use an immunologically 
reactive human cTnl form comparable to that detected 
in MI patient serum. We found that MI patient serum 
contains Tnl fragment (s) which is the result of the C- 
terminal processing of cTnl molecule. The high 
sequence homology found in the C-terminal region 
between cardiac Tnl and skeletal muscle Tnl (Larue et 
al. (1992); Vallins et al. (1990) FEBS Lett. Vol. 270, 
pp. 57-61; Leszky et al. (1988)) produce Tnl 
antibodies directed against this region having non- 
cardiac specificity. (Larue et al. (1992)). Our data 
and Larue et al. 1992 suggest that most of the known 
cTnl specific antibodies have their epitopes located 
approximately in the first 75% of the Tnl molecule. 
Therefore, this portion of the Tnl molecule should 
function as a MI specific cTnl isoform in most 
immunoassay systems. Consequently, MI assays that look 
at cTnl have become important. 
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However, present Tnl immunoassays use different 
Tnl antigens in the calibrators and the controls. For 
example, Dade International Inc . (hereinafter 
sometimes referred to as "Dade") presently sells a 
cTnl Immunoassay Kit in Europe and U.S.A. using a 
synthetic peptide in the calibrators and in the 
controls. This product is the STRATUS® Cardiac 
Troponin-I assay, a radial partition immunoassay. It 
would be advantageous to use a native human Tnl form 
in the calibrators and controls in order to more 
accurately simulate the conditions in patient serum. 

The use of the native human peptide is not 
practical because native human cTnl form is difficult 
to obtain due to the scarcity of human heart muscle. 
Moreover, native human cTnl is highly subject to 
proteolytic degradation during purification. The 
availability of human recombinant Tnl ("r-Tnl") can 
facilitate the production of this cTnl form. The r- 
Tnl, unlike the native human cTnl, can be produced and 
purified in acceptable quantities. As expressed by 
Dade, the primary structure of r-Tnl contains 22 6 
amino acids (SEQ ID NO: 1) ; 2 09 of them represent the 
Tnl sequence (SEQ ID NO: 2) . In addition to the 
primary sequence of cTnl (SEQ ID NO: 2) , r-Tnl has a 
leading sequence of 8 amino acids (MASMTLWM) on the N- 
terminal, and a tail sequence of 9 amino acids 
(PMVHHHHHH) on the C-terminal (SEQ ID NO: 1) . The 
primary structure of the r-Tnl molecule has methionine 
residues at positions -7, -4, 0, 153, 154, 200 and 211 
(SEQ ID NO: 1) . 

US Application No. 08/564,526 discloses a human 
cTnl fragment generated from human r-Tnl by chemical 
cleavage. The cleavage of r-Tnl by cyanogen bromide 
(CNBr) results in a major polypeptide of 153 amino 
acids, hereinafter referred to as the "CNBr-cTnl 
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isofomn" (SEQ ID NO: 3). The CNBr-cTnl isoform 
represents 73% of the primary structure of human cTnl 
and is immunologically more reactive than r-Tnl- The 
purified CNBr-cTnl isofozrm has an average of 3-4 times 
5 more reactivity than r-Tnl and lower non-specific 

binding, as measured by radial partition immunoassay. 
The molecular size of the CNBr-cTnl isoform is 
comparable in molecular weight to a major degradation 
product of native cardiac Tnl in MI patient serum. 

10 The CNBr-cTnl isoform can be used as calibrators or 

controls in various cTnl immunoassays. The CNBr-cTnl 
isoform has increased stability over the synthetic 
peptide currently used in the Dade Tnl immunoassay. 

Identifying stable and active cTnl forms that can 

15 be used as calibrators, controls or in other areas 

would be very important. Even though the 153 amino 
acid CNBr-isoform of r-Tnl has a greater 
immunoreactivity than r-Tnl and is more stable that 
the synthetic peptide currently used, there are 

20 advantages to using the native Tnl as it exists in MI 

patient serum. For example, as mentioned above, the 
use of native cTnl in controls and calibrators in 
assays to test for cTnl would more accurately simulate 
the conditions in the test sample, leading to more 

2 5 accurate assay results. 

Furthermore, while the assays presently used to 
detect cTnl in MI patient serum are sandwich assays, 
other types of assays are possible. For example, 
competitive assays can be used to detect cTnl. It 

30 would be useful to use an immunologically reactive 

human cardiac Tnl f omn comparable to that in MI 
patient serum in a competitive-type assay for cTnl . 

SUMMARY OF THE INVENTION 
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The present invention relates to cardiac Troponin 
I fragments. More specifically, the invention relates 
to an isolated fragment of human cardiac Tnl 
comprising the following seguence 

X - A - B - Y 

5 

wherein 

X comprises any of amino acid residues 1-27 of 

SEQ ID NO: 2; 

A comprises amino acid residues 28-69 of SEQ ID 

10 NO: 2; 

B comprises amino acid residues 70-90 of SEQ ID 

NO: 2; 

and Y comprises any of amino acid residues 91-17 0 of 

SEQ ID NO: 2. 

in one preferred embodiment of the present 
invention, X is a fragment comprising any or all of 
the residues 1-27 of SEQ ID NO: 2 and any and all 
fragments thereof which include residue number 27 and 
any consecutive residues up to and including residue 2 
of SEQ ID N0:2. In other preferred embodiments of the 
present invention, X comprises amino acid residues 1- 
27, 2-27, 4-27, 6-27, 10-27, 15-27, 20-27, 25-27, and 
27' of SEQ ID NO: 2. In other preferred embodiments, 
comprises residues 1-27, 2-27, 3-27, 4-27, 5-27, 6-27, 
7-27, 8-27, 9-27, 10-27, 15-27, 20-27, 21-27, 22-27, 
23-27, 24-27, 25-27, 26-27, and 27 of SEQ ID NO: 2. 

In one preferred embodiment of the present 
invention, Y comprises any or all of amino acid 
residues 91-17 0 of SEQ ID NO: 2 and any and all 
fragments thereof which include residue 91 and any 
consecutive residues up to and including residue 170. 
In certain preferred fragments, Y comprises any of 
residues 91-92, 91-93, 91-94, 91-95, 91-96, 91-97, 91- 
98 91-99, 91-100, 91-105, 91-110, 91-115, 91-116, 91- 
117 91-118, 91-119, 91-120, 91-121, 91-122, 91-123, 



20 



25 



30 



X 



35 
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91-124, 91-125, 91-126, 91-127, 91-128, 91-129, 91- 
130, 91-131, 91-132, 91-133, 91-134, 91-135, 91-136, 
91-137, 91-138, 91-139, 91-140, 91-141, 91-142, 91- 
143, 91-144, 91-145, 91-146, 91-147, 91-143, 91-149, 
5 91-150, 91-151, 91-152, 91-153, 91-154, 91-155, 91- 

160, 91-165, or 91-170 of SEQ ID NO: 2- More 
preferably, Y comprises any of residues 91-95, 91-100, 
91-105, 91-110, 91-115, 91-120, 91-130, 91-140, 91- 
145, 91-150, 91-153, 91-155, 91-160, 91-165, and 91- 

10 170 of SEQ ID NO 2. 

In other preferred embodiments, X comprises 
residues 1-27, 6-27, or 27 of SEQ ID NO: 2 and Y 
comprises any of residues 91-95, 91-120, 91-121, 91- 
122, 91-123, 91-124, 91-125, 91-126, 91-127, 91-128, 

15 91-129, 91-130, 91-131, 91-132, 91-133, 91-134, 91- 

135, 91-136, 91-137, 91-138, 91-139, 91-140, 91-141, 
91-142, 91-143, 91-144, 91-145, or 91-153 of SEQ ID 
NO: 2. 

Still other preferred embodiments of the present 
20 invention, X comprises residues 1-27 and Y comprises 

any of 91-135, 91-136, 91-137, 91-138, 91-139, 91-140, 
91-141, 91-142, 91-143, 91-144, 91-145, or 91-153 of 
SEQ ID NO: 2 , 

The present invention further relates to 

2 5 fragments of Tnl wherein the fragment has a greater 

immunologic reactivity than intact cTnl when the 
fragment and intact cTnl are reacted with a monoclonal 
antibody, which has an epitopic site on the fragment. 
Preferably the immunologic reactivity has at least 

3 0 about two times, more preferably about two to four 

times, the reactivity of intact cTnl when measured by 
STRATUS® cTnl Immunoassay, or any radial partition 
immunoassay. 

The present invention further relates to 
35 fragments of Tnl wherein the fragment has an apparent 
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molecular weight of about 18,000. The present 
invention further relates to fragments of Tnl wherein 
the fragment has an apparent molecular weight of about 
14,000- 

The present invention further relates to 
fragments of Tnl wherein the fragment comprises the 
binding site for TnC. 

The present invention further relates to methods 
of isolating from blood or serum a cTnl fragment of 
native cardiac Troponin I. 

The methods of the present invention for 
isolating fragments of native cTnl in blood or serum 
samples comprise: immobilizing antibodies to cTnl on a 
substrate; mixing the sample to be tested with the 
antibody-coated substrate; incubating the mixture for 
an appropriate length of time to obtain antibody-bound 
Tnl; removing the antibody-bound Tnl from the mixture 
and eluting the Tnl from the antibody-coated 
substrate. The method of the present invention 
further comprises measuring the amount of Tnl in the 
final eluant. 

The present invention further relates to a method 
of isolating from blood or serum a fragment of human 
cardiac Tnl comprising the sequence X - A - B - Y , 
where X, A, B and Y are as defined above, the method 
comprising extracting the cTnl fragment using latex 
beads coated with anti-Tnl monoclonal antibodies. 

The present invention also relates to a fragment 
of human cardiac Tnl isolated from blood or serum 
samples by the method comprising: immobilizing 
antibodies to cTnl on a substrate; mixing the sample 
to be tested with the antibody-coated substrate; 
incubating the mixture for a length of time; removing 
the antibody-bound Tnl from solution; and, eluting the 
Tnl from the antibody-coated substrate. 
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The present invention further relates to methods 
of isolating a troponin complex of Tnl, TnC and TnT 
subunits comprising: immobilizing antibodies to at 
least one subunit on a substrate; mixing the sample to 
be tested with the antibody-coated substrate; 
incubating the mixture for a predetermined length of 
time; removing the antibody-bound complex from 
solution; and, eluting the complex from the antibody- 
coated substrate. 

The present invention further relates to the use 
of cardiac Troponin I fragments. One use of such a 
fragment is as a calibrator for a Tnl immunoassay 
comprising: a) a known amount of the fragment of 
human cardiac Tnl comprising the seguence X - A - B - 
Y, where X, A, B and Y are as defined above; and b) 
serum or calibrator base. in certain embodiments, the 
calibrator base comprises a buffer containing BSA. 

The present invention further provides a control 
for a Tnl immunoassay comprising: a) a known amount 
of the fragment of human cardiac Tnl comprising the 
sequence X - A - B - Y, where X, A, B and Y are as 
defined above; and b) serum or control base. In 
certain embodiments, the control base comprises a 
buff er . containing BSA. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing stability of MI 

patient serum Tnl. 

Figure 2a and 2b show the immunoreactivity of 

cTnl in MI patient serum pool extracted by latex beads 

coated with anti Tnl monoclonal antibodies. 

Figure 3 shows immunological detection of Tnl in 

individual patient serxom samples taken at varying time 

intervals after MI- 
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Figure 4a shows alignment of the N- terminal 
sequence of patient serum Tnl fragment with the N- 
terminal of human cardiac Tnl- 

Figure 4b shows the lower molecular weight Tnl 
fragment, isolated from MI patient serum and Western 
blotted. 

Figure 5 shows Troponin I processing after MI. 
Figure 6a shows degradation of human r-Tnl in 
normal human serum. 

Figure 6b shows degradation of bovine Tnl in 
normal human serum. 

Figure 7 shows stability of bovine cardiac Tnl 
(■) and human r-Tnl (O) in normal human serum. 

Figure 8 shows degradation of bovine Tnl (A) and 
human rTnl(B) in MI patient serum depleted of Tnl. 

Figure 9 is a graph that shows stability of 
bovine Tnl (■) and human r-Tnl (O) in MI patient serum 
depleted of Tnl. 

Figure 10 shows degradation of Tnl by papain. 
Figure 11 shows detection of troponin complex in 
MI patient serum. 

Figure 12 shows a Western blot analysis of human 
Tnl forms from recombinant Tnl. 

Figure 13 depicts the alignment of the human 
cardiac Troponin I amino acid sequences. 

Figure 14 depicts the CNBr cleavage strategy of 
r-Tnl; (M) = methionine. 

Figure 15 shows the activity of r-Tnl and CNBR- 
cTnl isoform in calibrator base as measured with the 
Stratus® II Tnl Immunoassay System. 

Figure 16 depicts the activity of r-Tnl and the 
CNBr-cTnl isoform in human serum as measured with the 
Stratus® II Tnl Immunoassay System. 

Figure 17 shows the activity and non-specific 
binding 
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of various Tnl preparations. 

Figure 18 shows a Map of expression vector 
pTac/Gene 10/Troponin I/6x His- 

DETAILED DESCRIPTION OF THE INVENTION 

While cTnl levels in MI patient serum are very 
stable, purified Tnl, in serum is degraded. For 
example, Figure 1 shows that cTnl levels in MI patient 
serum are maintained for up to 4 weeks when the serum 
is stored at 4*»C (Tnl activity of MI patient serum 
♦ ) , in bovine serum (A/ X) and in normal hiaman* serum 
(*, •) ) . The mixtures were incubated at 4*'C and the 
Tnl recovery was measured using STRATUS® II Tnl 
Immunoassay (Dade International Inc.)- However, cTnl 
purified from patient serum loses its activity rapidly 
after spiking into MI patient serum, under the same 
conditions (not shown) . The solid stability of Tnl 
recovered from patient serum cannot be reproduced in 
vitz-o using the purified Tnl subunit* 

We have found that cleavage fragments of Tnl will 
be active, yet are substantially more stable than 
intact cTnl. Using the methods of the present 
invention, further described below, major Tnl 
fragments were isolated from MI patient serum pools 
using immobilized anti-Tnl antibodies which recognize 
various epitopic sites on the Tnl molecule. Two 
fragments of the present invention have apparent 
molecular weights of about 18,000 KD and about 14,000 
KD respectively (hereinafter referred to as "18,000 
fragment" and "14,000 fragment" respectively). 

The Tnl fragments are generated as a result of 
sequential processing from the C-terminal of Tnl . 
Such processing produces the 18,000 fragment followed 
by the 14,000 fragment. Both Tnl fragments, or either 
^one alone, are present in serum of MI patients (See 
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Figure 4 and Example IV below) . The presence of 
either one or two bands indicates that the two bands 
are generated by sequential processing of the Tnl 
molecule. Partial processing from the N-terminal of 
Tnl is also seen and occurs with the generation of the 
smaller fragment. Figure 5 shows a schematic 
representation for processing of MI patient serum Tnl. 
Very little intact Tnl is detected in patient serum 
after MI- 

Intact human cTnl is known to have the following 
sequence: 

A-D-G-S-S-D-A-A-R-E-P-R-P-A-P-A-P-I-R-R-R-S-S-N-Y-R-A- 

Y-A-T-E-P-H-A-K-K-K-S-K-I-S-A-S-R-K-L-Q-L-K-T-L-L-L-Q- 

I-A-K-Q-E-L-E-R-E-A-E-E-R-R-G-E-K-G-R-A-L-S-T-R-C-Q-P- 

L-E-L-T-G-L-G-F-A-E-L-Q-D-L-C-R-Q-L-H-A-R-V-D-K-V-D-E- 

E-R-Y-D-I-E-A-K-V-T-K-N-I-T-E-I-A-D-L-T-Q-K-I-F-D-L-R- 

G^K-F-K-R-P-T-L-R-R-V-R-I-S-A-D-A-M-M-Q-A-L-L-G-A-R-A- 

K-E-S-L-D-L-R-A-H-L-K-Q-V-K-K-E-D-T-E-K-E-N-R-E-V-G-D- 

W-R-K-N-I-D-A-L-S-G-M-E-G-R-K-K-K-F-E-S ( SEQ ID NO: 

2) . (Armour, K.L. et al (1993) "Cloning and Expression 

in Escheria Coli of the cDNA Encoding Human Cardiac 

Tropinin I," Gene, 13 1 (2 ) : 287-92 ) . 

We have now discovered a series of Tnl fragments. 
These fragments are typically active and more stable 
in serum than full length Tnl. The fragments of the 
present invention comprise a peptide X-A-B-Y wherein 
X/ A, B and Y are defined below. X comprises any of 
amino acid residues 1-27 of SEQ ID NO: 2- Preferred 
residues for X include residues 1-27, 2-27, 3-27, 4- 
27, 5-27, 6-27, 7-27, 8-27, 9-27, 10-27, 15-27, 20-27, 
21-27, 22-27, 23-27, 24-27, 25-27, 26-27, and 27 of 
SEQ ID NO: 2. More preferably, X can be any of amino 
acid residues 1-27, 2-27, 4-27, 6-27, 10-27, 15-27, 
20-27, 25-27, and 27 of SEQ ID NO: 2. 
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A comprises amino acid residues 28-69 of SEQ ID 
NO: 2. B comprises amino acid residues 70-90 of SEQ 

ID NO: 2. Y comprises any of amino residues 91- 

170 of SEQ ID NO: 2. Preferred residues of Y include 
5 residues 91-92, 91-93, 91-94, 91-95, 91-96, 91-97, 91- 

98, 91-99, 91-100, 91-105, 91-110, 91-115, 91-116, 91- 
117, 91-118, 91-119, 91-120, 91-121, 91-122, 91-123, 
91-124, 91-125, 91-126, 91-127, 91-128, 91-129, 91- 
130, 91-131, 91-132, 91-133, 91-134, 91-135, 91-136, 

10 91-137, 91-138, 91-139, 91-140, 91-141, 91-142, 91- 

143, 91-144, 91-145, 91-146, 91-147, 91-148, 91-149, 
91-150, 91-151, 91-152, 91-153, 91-154, 91-155, 91- 
160, 91-165, 91-170 of SEQ ID NO: 2. More preferably, 
Y can be any of 91-95, 91-100, 91-105, 91-110, 91-115, 

15 91-120, 91-130, 91-140, 91-145, 91-150, 91-153, 91- 

155, 91-160, 91-165, 91-170 of SEQ ID NO: 2. 

In certain preferred embodiments of the present 
invention, X comprises residues 1-27, 6-27, or 27 of 
SEQ ID NO: 2, while Y comprises any of residues 91-95, 

20 91-120, 91-121, 91-122, 91-123, 91-124, 91-125, 91- 

126, 91-127, 91-123, 91-129, 91-130, 91-131, 91-132, 
91-133, 91-134, 91-135, 91-136, 91-137, 91-133, 91- 
139, 91-140, 91-141, 91-142, 91-143, 91-144, 91-145, 
or 91-153 of SEQ ID NO: 2. 

25 In other preferred embodiments, X comprises 

residues 1-27 and Y comprises any of 91-135, 91-136, 
91-137, 91-138, 91-139, 91-140, 91-141, 91-142, 91- 
143, 91-144, 91-145, or 91-153 of SEQ ID NO: 2. 

In still other preferred embodiments, X comprises 

30 residue 27 and Y comprises any of 91-120, 91-121, 91- 

122, 91-123, 91-124, 91-125, 91-126, 91-127, 91-128, 
91-129, or 91-130. In one embodiment, X comprises 
residues 6-27 and Y comprises 91-95 of SEQ ID NO: 2. 
The lower molecular weight 14,000 Tnl fragment, 

3 5 isolated from a pool of patient serum and sequenced 
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for N-terminal identification, shows alignment of the 
N-terniinal of Tnl fragment with intact human TnT 
(Figure 4a) . The N-terminal sequence of the Tnl 
14,000 fragment starts at about position 27 (Ala) in 
intact human cardiac Tnl. The 14,000 fragment is 
approximately 100 amino acids long, ending in the 
region from about amino acid 12 0 to about amino acid 
13 0 in intact cTnl • The N-terminal sequence of the 
18,000 fragment starts at or very near the N-terminus 
of the intact human cTnl. The 18,000 fragment is 
approximately 14 0 amino acids long, ending in the 
region from about amino acid number 13 5 to about 14 5 
in intact cTnl . Thus, one preferred group of 
fragments has X as 25-27, 26-27 or 27 of SEQ ID NO: 2 
and Y as 91 to any of 13 5-145 of SEQ ID NO: 2. 

Fragments of native cTnl in blood or seriom 
samples can be isolated by using antibodies to cTnl 
which are immobilized on a substrate resulting in an 
antibody-coated substrate; adding the sample to be 
tested to the antibody-coated substrate; incubating 
the mixture for an appropriate length of time; 
removing the antibody-bound Tnl from solution and 
eluting the Tnl from the antibody-coated substrate. 
This method preferably further comprises measuring the 
amount of Tnl in the final eluant. 

The Tnl antibodies are immobilized on the 
stibstrate by methods known in the art, e.g., physical 
adsorption or covalent attachment. The time required 
for maximum attachment of the Tnl antibodies to the 
substrate can readily be deteirmined empirically based 
upon the present disclosure. Preferably, the 
incubation time is between about 1/2 hour to about 12 
hours, more preferably from about 1/2 hour to about 3 
hours. Most preferably, the incubation time is from 
about 1 hour to about 2 hours. 
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Any solid phase known in the art can be used as a 
substrate in the present methods, but the following 
substrates are preferred: beads, microtitre plates, 
different resins. Preferably, the substrate is one 
5 that enables small scale assays to be run* Therefore, 

in certain preferred embodiments the substrate 
comprises beads, e.g., latex beads, beads made of 
polystyrene and styrene derivatives. 

Any antibody which specifically binds the Tnl 

10 fragments can be immobilized for use in isolating the 

cTnl fragments according to the methods of the present 
invention as determined by one of ordinary skill in 
the art. That is, the fragment must contain the 
binding sites for the antibody (Bodor, et al., 

15 1992) (incorporated herein by reference) . Preferably, 

the antibody also allows dissociation of the isolated 
frag:aents under the appropriate conditions for 
purification . 

Table 1 shows antibody specificity to human cTnl 

20 of selected antibodies (from Bodor, et al., 1992). 



TABLE 1 SUMMARY OF ANTIBODY SPECIFICITY 

Antigen 

25 Antibody Human cTnl Human sTnl Canine cTnl . Canine 
sTnl 

2B1.9 -h - + - 

5D4 .1 4-' +• -f' 

30 3C5.10 + + + + 

1E11.3 + - + 

7B11.4 . + + + + 

3D11.11 + - + - 

1D12.6 + - + 

35 2F6.6 H- - + 

-*-*A^am SO. 400; Aao4«„ <0.12 5. 

"Reacts only when TnC is present. 
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Because MI patient serum Tnl appears to be • 
processed primarily from the C-terminal end, it is 
preferable that the antibodies used have epitopes 
which are not near the C-terminal end of cTnl (e.g., 
2F6.6, 2B1.9 and 1D12.6). Preferably, the epitopes 
are in the N-terminal region of cTnl, subsequent to 
the first 23 amino acids of the native cTnl or the 
central section of Tnl, more preferably between about 
26-130 of SEQ ID NO:2. 

Various antibodies, other than anti-human cardiac 
Tnl antibodies, can be immobilized and used for 
extraction of Tnl provided the Tnl fragments contain 
the appropriate epitope and specifically bind human 
Tnl. Because of the homology between human cTnl and 
cardiac Tnl from other mammals, antibodies raised 
against bovine cardiac Tnl or rabbit cardiac Tnl can 
be used for extraction. Useful antibodies can be 
readily determined by one of ordinary skill in the art 
based upon the teachings contained herein. 

The antibodies 1D12.6, 231. 9 and 2F6.6 have their 
epitopes at the N-terminal region of the Tnl molecule, 
whereas the epitope for the antibody 3D 11.11 is 
located in the C-terminal region of cTnl. The 
preferred antibodies for isolating the fragments 
comprise 1D12.6, 2B1.9 and 2F6.6. More preferably, 
the antibody comprises 2B1.9. However, as discussed 
above, appropriate antibodies for use in the methods 
of the present invention can be readily determined by 
one of ordinary skill in the art in light of the 
teachings herein. 

Antibodies adsorb to the substrate over a wide 
range of pHs, depending on the antibody and substrate 
chosen as well as the buffer system- Any buffer 
system can be used for coating the beads, provided the 
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buffer does not interfere with the adsorption process. 
The appropriate buffer can be readily chosen according 
to methods known in the art. Although any pH is 
useful, a neutral pH or slightly acidic pH is 
preferred in certain embodiments. 

The sample to be tested is combined with the 
antibody —coated substrate and incubated for an 
appropriate length of time. In embodiments in which 
beads are used as the substrate, the antibody-coated 
beads are preferably added to the sample directly. 
Thus, no additional buffer or additional dilutions are 
necessary. When the substrate is a microtitre plate, 
or other similar solid phase, the method of isolation 
of the present invention comprises adding the sample 
to the antibodies bound thereon, e.g., in the wells of 
a microtitre plate. 

The Tnl in the sample binds to antibody-coated 
substrate, e.g., beads, preferably within a few 
minutes. The appropriate incubation time and 
temperature to maximize binding can be determined by 
one of ordinary skill in the art based upon the 
teachings contained herein. In certain embodiments of 
the invention the incubation occurs at a temperature 
of from about 20^ to 30° and from about 10 minutes to 
about 2 hours. In preferred embodiments the 
incubation occurs at room temperature for about 15 to 
30 minutes. After the sample is incubated with the 

antibody-coated substrate, the Tnl bound to the 
antibody coated substrate is recovered. Recovery 
comprises washing the Tnl-antibody-bound substrate in 
an appropriate elution buffer. To obtain the Tnl 
fragments, the elution buffer is a denaturing buffer, 
e.g., a buffer containing SDS . In a preferred 
embodiment of the present invention, the Tnl-bound 
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beads are incubated in electrophoresis sample buffer 
containing SDS to release the Tnl fragments. 

In preferred methods where the sample size is 
small, the recovered Tnl is separated from the 
substrate by centrif ugation. Alternatively, 
separation can be achieved passively, by allowing the 
beads to settle out, which generally occurs within a 
few minutes . 

The methods of the present invention extract from 
about 7 0 to about 9 8% of Tnl from MI patient serum, 
depending on the conditions chosen, e.g., antibody 
used. For example, when the Tnl antibody 231.9 is 
bound to latex beads and used in the methods of the 
present invention, up to 98% of the Tnl fragments is 
3^5 extracted from the sample. 

The fragments of cTnl of the present invention 
are expected to have increased immunologic activity as 
compared with intact cTnl . It is believed, based on 
the studies with recombinant fragments of Tnl as 
described below in Example VIII and Table 1, that the 
CTnl fragments of the present invention will have at 
least from about two to about four times the 
immunologic activity of intact Tnl as measured by 
radial partition immunoassay. The fragments of 
recombinant Tnl (rTnl) tested in Example VIII 
demonstrate greater reactivity using the STRATUS«> 
cardiac Troponin-I assay than intact rTnl. For 
example, a Tnl fragment having 153 amino acids (from 
amino acid 1-153 of SEQ ID NO: 2) ("TnI153") has more 
than about 6 times the activity of the full length 
recombinant cTnl ("rTnl"). A Tnl fragment having 88 
amino acids (from amino acid 6-95 of SEQ ID NO: 2) 
("TnI88") has more than about 13 times the activity of 
the full length recombinant cTnl . 
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We have found that the majority of native cTnl in 
hxiinan seznim after a MI is associated with »TnC and TnT. 
The presence of Tnl in a complex ("Tn complex") with 
other troponin subunits in MI patient serum increases 
its stability and protects it from further 
degradation. In addition, the Tn complex protects the 
sites where cardiac-specific antibodies bind. 

The Tn complex is isolated from MI patient serum 
according to methods of the present invention. A 
preferred method of isolating the Tn complex comprises 
incubating the sample to be tested with a substrate 
coated with antibodies to the subunits of the Tn 
complex. As stated above, many antibodies are useful, 
and can be selected by one of skill in the art. 
Examples of such antibodies include anti-Tnl, anti- 
TnC, and anti-TnT antibodies. A preferred antibody is 
anti-Tnl antibody. The substrate preferably comprises 
beads, and more preferably the substrate comprises 
latex beads. The bound Tnl complex is eluted under 
conditions that do not affect association of Tn 
subunits, e.g. using urea. These conditions can be 
determined by one of skill in the art. A preferred 
buffer system comprises urea and lacks SDS. 

The Tnl fragments and Tn complex isolated 
according to the methods of the present invention can 
be used in diagnosis and treatment of MI. One 
exemplary use is the use of the Tnl fragments or 
complex in calibrators and controls used in assays to 
detect the occurrence of MI. . The calibrators are used 
to establish the standard curve for the assay and to 
calibrate the equipment used to measure the final 
concentration of Tnl recovered. The controls are used 
to monitor the instrximent used and test its accuracy, 
after it is calibrated. The amount and/or methods of 
the fragment used in each calibrator or control as 
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well as the buffer components can readily be 
determined by one of skill in the art according to the 
teaching herein and based upon the type of 
instrumentation used. 

Preferably, the buffers used for the calibrators 
or controls contain bovine seriom albumin (BSA) . In 
certain embodiments the buffer contains, BSA, sugars, 
salt and an antibacterial agent. Examples of useful 
buffers include HEPS, MES or TRIS buffers. A 
preferred buffer comprises MES buffer containing 6.5% 
BSA, at pH 6-7. Other preferred buffers contain a 
reducing agent, stabilizing protein, chelating agent 
and a salt as described in the copending application 
U.S. S.N. 08/400,158, incorporated herein by reference. 

Alternatively, instead of a buffer, the fragments 
are spiked into serum, e.g., human or bovine, or into 
diluted serum, e.g., serxim diluted 1:1 with MES buffer 
containing BSA. 

Currently used assays for detecting cTnl in MI 
patient serum utilize a sandwich assay. However, the 
isolated cTnl fragments of the present invention can 
also be used to design competitive-type assays for the 
detection of cTnl in serum. In such an assay, a 
subsaturating amount of antibody to cTnl is bound to a 
solid phase, e.g., a microtitre plate or latex beads. 
The isolated native human cTnl fragment is labeled, 
e.g., with alkaline phosphatase, or horseradish 
peroxidase. A constant amount of the labeled fragment 
is mixed with the sample of MI patient serum 
3 0 containing an unknown amount of cTnl. The test sample 

is then allowed to bind to the subsaturating amount of 
cTnl antibody bound to a solid phase. The cTnl in the 
sample will compete with the labeled cTnl fragment for 
binding with the antibody-coated solid phase. Unbound 
3 5 proteins are removed by washing and the amount of 
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labeled cTnl fragment bound to the solid phase is 
measured. The amount of labeled fragment bound to the 
antibody on the solid phase indicates the amount of 
cTnl present in the serum. If the serum contains a 
5 high concentration of cTnl, it will compete 

effectively with the labeled cTnl fragment and little 
or none of the labeled cTnl fragment will bind the 
antibody-coated solid phase. 

The isolated Tnl fragments are also useful in 

10 purifying antibodies to Tnl. The isolated fragments 

are coupled to a matrix, e.g. sepharose, and used in 
an affinity column for purification. 

In another diagnostic use, the Tnl fragments are 
coupled to a solid phase and used for enzyme-linked 

15 immunosorbent assay (ELISA) testing. Solid phases for 

use in such a test comprises particulate material, 
e.g. , cellulose, polyacrylamide and agarose, as well 
as polystyrene, polyvinyl, polycarbonate and nylon 
materials . 

2 0 The following examples are provided to more 

clearly illustrate the aspects of the invention and 
are not intended to limit the scope of the invention. 

EXAMPLES: 

2 5 Unless otherwise indicated, the following 

procedures were followed for all examples. 

Bovine Tnl was purified from cardiac muscle using 
a TnC column (Syska et al. 1974) • Recombinant Tnl was 
expressed in E. coli by Dade Biology Skills Center. 

3 0 The recombinant human cTnl was expressed in E. 

coli by the Dade Biology Skills Center (and we thank 
the Dade Biology Skills Center for providing it) . Tnl 
was cloned from human heart cDNA, which is 
commercially available through companies such as 
35 Strategene, by polymerase chain reaction (PCR) and was 
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subcloned into the Ncol restriction site in the Dade 
constructed vector pTac 102-2, as shown in Fig. 18. 
(Purified Tnl from bovine or human heart is also 
commercially available.) The vector pTac 102-2 was 
5 constructed by conventional means (see Vallins et al, 

(1990) Molecular Cloning of Human Cardiac Troponin I 
using PCR, FEES Lett. 270, 57-61) to include a Hindil- 
Bam HI fragment containing p'**, a strong hybrid 
promoter driving gene transcription. The promoter was 

10 induced in E-coli through IPTG, a method and technique 

well known to those skilled in the art. The next 
downstream DNA sequence is an efficient ribosomal 
binding site (RBS) and the N-terminal five amino acids 
of gene 10 for translation initiation, followed by the 

i5 cloning cite Ncol. The Dade designed Tnl (amino acids 

1-210 (SEQ ID NO: 4), including the initiating 
methionine) was inserted into Ncol in frame with the N- 

terminus, and with six Histidine codons at the C- 
terminus (H156) . The expressed protein contained 226 

2 0 amino acids. The HISS C-terminus facilitated a single 

step purification. 

Cleavage of the r-Tnl molecule at the methionine 
residues at positions -4, 0, 153, 154, 200 and 211 by 
CNBr produced a major polypeptide of 153 amino acids. 

25 (SEQ ID NO: 3.) The resulting polypeptide had 73% of 

the human cTnl primary structure (209 amino acids) 
(SEQ ID-NO: 3), and retained the epitopes for the 
antibodies used in the Stratus® II Tnl Immunoassay 
System. (See Vallins et al, (1990) FEES Lett. 270, 

30 57-61.) 

Cyanogen bromide cleaves at methionine residues 
with high specificity under acidic conditions. 
Cleavage of the r-Tnl by CNBr at all methionine sites 
should produce 6 peptides of various sizes (SEQ ID NO: 
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5), (SEQ ID NO: 3), (SEQ ID NO: 8), (SEQ ID NO: 6), 
(SEQ ID NO: 7), (SEQ ID NO: 9) • (See Fig. 14). 

The first: step is to carboxymethylate the 
cysteine 

residues (there are two in the Tnl sequence) (SEQ ID 
NO: 1) at positions 79 and 96 in order to prevent 
dimerization by inter or intra molecular disulfide 
bridges. CNBr treatment is carried out on the 
carboxymethylated r-Tnl. Unlike other possible 
cleavage reactions (e.g. enzymatic) , the CNBr 
treatment removes the tail sequence, the leading 
sequence, and part of the Tnl C- terminal region 
without affecting the primary sequence of the 
immunogenic sites. 

Protein concentration was determined by Bradford 
assay (Bradford, M.M. (1976) Anal, Biochem. 72:248- 
254) . SOS polyacrylamide gel electrophoresis and 
Western blotting analysis were performed on Mini 
Protean II (Biorad) . The immunodetection by Western 
blot was carried out enzymatically using alkaline 
phosphatase substrate or horse radish peroxidase 
chemiluminescence substrate (ECL kit, Amersham) . 
Troponin I immunoassay was carried out on the STRATUS® 
TI Immunoassay System (Dade International, Inc.). 

The materials for SDS-PAGE, alkaline phosphatase 
substrate and PVDF membrane were purchased from 
BioRad. Anti-Tnl antibodies 3D11.11, 1D12.6, 2B1.9 
and 2F6.6 were obtained in accordance with the 
procedures described in Bodor, et al . (1992). Anti- 
TnT Ab and Anti-TnC Abs were commercially obtained 
(Vital products) , Goat Anti-mouse IgG-IgM (H+L) 
antibody (peroxidase conjugated) was obtained from 
Jackson ImmunoResearch . Latex beads LB-8 (10%) , 
carboxy late-modified latex beads L-1398 (10%), Nonidet 
P-40, Tricine and Tween 20 were purchased from Sigma. 
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Western blot analysis was carried out using - 
either (1) anti Tnl Ab-ALP (Alkaline phosphatase) or 
(2) Anti-Tnl Ab (any preferred Abs mentioned above) as 
a first antibody and a goat Anti mouse IgG conjugated 
to alkaline phosphatase or horseradish peroxidase as a 
second antibody. Western analysis can be run under a 
range of conditions as known in the art . However , for 
specific detection, preferably anti-Tnl Abs are used . 

EZAKPLE I - Coupling of Tnl antibodies to latex beads: 

Tnl antibodies were immobilized on latex beads 
(polystyrene , 0.8 ftm) ( S igma , LB-8 ) by : 
1. Physical adsorption. 

The latex beads were diluted 20-fold with 0.1 M 
sodiiim phosphate buffer pH 6 (the coating buffer) to 
give a 0.5% suspension. The suspension was centrifuged 
twice at 10,000 rpm for 5 min. and the pellet 
resuspended in the same volume of buffer. 

The antibodies (0.1-0.2 mg/ml) were incubated 
with the latex beads 0.5% suspension for 2 h at room 
temperature. The beads coated with antibodies settle 
out of solution. 

The supernatant was removed and the settled beads 
were resuspended in 1 mL of 20 mM tris-HCl pH 1.2, 150 
mM NaCl (TBS). The mixture was centrifuged at 5,000 
rpm for 5 min. This process was repeated 3 times. 
The Ab-coated beads were then resuspended to a 
concentration of 0.5% in TBS containing 0.1% BSA and 
0.05% NaNj and stored at 4°C until use. 

2 - Covalent Attachment: 

Tnl antibodies were covalently attached to the 
latex beads. 
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Water soluble l-£t:hyl-3 ( 3-dimethylaiiiinopropyl) 
carbodiimide (EDC) was employed to covalently attach 
antibody to carboxylated polystyrene (Jolly, M.E- 
(1984) Pandex Research Report No. 4) . Specifically; 

1) Carboxylated modified polystyrene latex beads 
(average diameter 0.9 pern) (Sigma, CLB-9) were used, 
and 

2) Solid EDC was added to the mixture of antibody 
and beads in coating buffer at a concentration of 
Img/ml and the mixture was incubated for 2 h at room 
temperature with shaking - 

Blank beads were prepared* as described above 
except no antibody was present, 

EXAMPLE II - Extraction of Tnl from serum: 

30-50 fiL of Tnl Ab coated beads suspension was 
added to MI patient serTJm (0*5-1 ml, containing 50-100 
ng/ml Tnl, as determined by STRATUS® Tnl Immunoassay), 
The mixture was incubated at room temperature for 3 0 
min. After incubation, the mixture was centrifuged at 
8,000 rpm for 5 min. The supernatant was tested to 
determine the amount of Tnl extracted. The pellet was 
resuspended in TBS and centrifuged at 8,000 rpm for 5 
min twice. The Tnl fragments were eluted by 
incubating the beads in either: 

1, Electrophoresis sample buffer containing SDS 
(25-50 /xL) overnight at room temperature. The sample 
was centrifuged at 8,000 rpm for 5 min and the 
supernatant kept for analysis by Western blot; or 

2. Buffer containing urea (25-50 ^tL) , 100 mM 
sodium phosphate, 10 mM tris and 8 M urea (pH 8) 
(PTU) , The suspension was incubated overnight at room 
temperature. The sample was centrifuged at 8,000 rpm 
for 5 min and the supernatant was kept for analysis by 
Western blot. 
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EXAMPLE III - Extraction of Fragments from MI Patient 
Serum. 

The following Tnl antibodies, 3D11.11, 1D12.6, 
2B1.9 and 2F6.6 (Bodor, G.S., et al, 1992) Clin. Chem. 
38: 22032214) were separately immobilized on latex 
beads according to either of the above methods. Tnl 
was extracted from MI patient serum according to the 
methods described above . 

Figure 2a shows the Western blot analysis of MI 
patient serum pools extracted with various beads 
containing Tnl antibodies and probed with 2B1.9 Ab, 
Lanes 1, 2, S, 9 and 10 contained bovine cardiac Tnl 
controls. Lane 3 contained MI patient serum extracted 
using blank beads (no Ab) • Lane 4 contained MI 
patient serum extracted using 3D11.11 Ab. Lane 5 
contained MI patient seriim extracted using 2B1.9 Ab. 
Lane 6 contained MI patient serum extracted using 
2F6,6 Ab. Lane 7 contained serum extracted using 
1D12 . 6 Ab. Samples were run on 15% SDS-PAGE, 
transferred to PVDF membrane and probed by anti Tnl Ab 
2B1.9. Figure 2a shows little intact Tnl in the 
samples extracted from MI patient serum (Lanes 5, 6 
and 7) . However, two major bands with lower molecular 
weights (apparent MW 14,000 and 18,000) were detected. 
Similar results were obtained when the Tnl antibody 
2F6.6 was used to probe for Tnl. 

Figure 2b shows the immunoreactivity of MI 
patient serum pool extracted by latex beads coated 
with anti Tnl monoclonal antibodies and probed with 
Tnl antibody 2F6.6. In Figure 2b, lane 1 contained 
bovine cardiac Tnl. Lane 2 was empty. Lane 3 
contained MI patient serum extracted using blank beads 
(no Ab) . Lane 4 contained MI patient serum extracted 
using 3D11.11 Ab. Lane 5 contained MI patient serum 
extracted using 2B1.9 Ab. Lane 6 contained MI patient 
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serum extracted using 2F6.6 Ab. Lane 7 contained MI 
patient serum extracted using 1D12.6 Ab. Lanes 8, 9 
and 10 contain bovine cardiac Tnl . Samples were run 
on 15% SDS-PAGE, transferred to PVDF membrane and 
probed by anti Tnl Ab 2F6.6. 

This method extracted from about 70 to about 98% 
of Tnl from MI patient serum when using 1D12.6, 2B1.9 
and 2F6.6 antibodies- The beads containing 3D11.11 
antibody performed similarly to the control (beads 
without antibody). The antibody 3D11-11 failed to 
extract or detect Tnl fragments- 

The above results indicate that MI patient serum 
Tnl is processed primarily from the C-terminal end. 

EXAMPLE IV - Tnl Processing in MI Patient Serum 

In order to understand the mechanism of Tnl 
processing in MI patient ser\am, serum samples taken 
from individuals were examined at different times 
after MI. 

These samples were extracted by beads coated with 
231.9 Ab and analyzed by Western blot. The results 
are shown in Figure 3. In Figure 3a, lane 1 contains 
a molecular weight standard. Lane 2 contains r-Tnl . 
Lanes 3 to 7 contain extracted serum samples taken 
from a patient (LM) 1 and 5 days after MI- In Figure 
3b, lane 1 contains a molecular weight standard. Lane 
2, 3 and 4 contain serum samples taken from a patient 
(CE) at 2 , 3 and 4 days after MI. Lanes 5 and 6 
contain serum samples taken from a patient (RW) 1 and 
2 days after MI. In Figure 3c, lane 1 contains a 
molecular weight standard. Lane 2 contains r-Tnl . 
Lanes 3 to 6 contain serum samples taken from a 
patient (RH) 2, 4, 5, and 6 days after MI. 

These results demonstrate that both Tnl fragments 
or either one alone are present in seriam of MI 
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patients. The results suggest that the two bands are 
generated by sequential processing of the Tnl 
molecule. N-terminal processing of Tnl was also seen. 
The lower molecular weight Tnl fragment was 
5 isolated from a pool of patient seriim and sequenced 

for N-terminal identification* Figure 4a shows 
alignment of the N-terminal of Tnl fragment with 
intact human Tnl . The N-terminal sequence of the Tnl 
fragment starts at position 27 (Ala) in intact human 
10 cardiac Tnl. Figure 4b shows a western blot of the 

lower molecular weight Tnl fragment (see Figure 3) 
isolated from MI patient serxim. 

Figure 5 shows a schematic representation for 
processing of MI patient serum Tnl. 

EXAMPLE V - In vitro degradation of Tnl in normal 

human serum (KHS) and patient serum 
depleted of Tnl 

After spiking into serum, the recovery and 

degradation of both human recombinant Tnl (r-Tnl) and 

bovine cardiac Tnl was followed at 23 °C over 5 days. 

Aliquots were taken and tested for Tnl activity using 

STRATUS® Tnl immunoassay and for Tnl immunoreactivity 

by Western blot* 

Figures 6a and 6b depict the degradation of r-Tnl 

and bovine Tnl in normal human servun, respectively, 

Tnl was spiked into serum and incubated at room 

temperature. Aliquots were taken and kept at -2 2 '•C 

until analysis. The samples were analyzed by Western 

blot (SDS-PAGE, 15%) using the STRATUS® II conjugate 

antibody. 

Both proteins degrade to lower molecular weight 
species after spiking into serum. Recombinant Tnl 
appears to be more susceptible to degradation than 
bovine Tnl . The Tnl activity increased after 1 hour 
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incubation in serum followed by stable recovery over 
the following 8 h. After 8 h incubation, the Tnl 
activity was rapidly lost, as shown in Figure 7. 
Figure 7 shows stability of bovine cardiac Tnl (■) and 
human r-Tnl (□) in normal human serxim. Tnl was spiked 
into normal human serum at 3.2 fig/ml and the mixtures 
were incubated at room temperature. Aliquots were 
withdrawn and tested for activity using STRATUS® Tnl 
Immunoassay . 

Similar degradation patterns were seen when 
bovine Tnl or rTnl were spiked into pooled MI patient 
serum depleted of Tnl (Figure 8) . Tnl was spiked into 
serum and incubated at room temperature. Aliquots 
were taken and kept at -22*»C until analysis. The 
samples were analyzed by Western (SDS-PAGE, 15%) using 
STRATUS® II conjugate antibody (Figure 8) . The band 
seen in the control lane (lane 2) most likely is 
residual endogenous Tnl, present in the pooled patient 
serum. 

The results are graphically shown in Figure 9. 
In MI patient serum depleted of Tnl, the Tnl activity 
of both bovine Tnl and r-Tnl increased gradually in 
the first four hours after spiking, followed by rapid 
loss of activity (Figure 9, bovine Tnl (■) and human 
r-Tnl (□) in MI patient serum depleted of Tnl) . In 
Figure 9, Tnl was spiked into MI patient serum at 3.2 
fig/ml and the mixtures were incubated at room 
temperature • Aliquots were withdrawn and tested for 
activity by STRATUS® Tnl Immunoassay. 

It is not presently known whether Tnl processing 
happens in heart cells or after being released into 
circulation. Analysis of Tnl extracted from patient > 
serum samples taken after MI is shown in Figure 3 • 
The results suggest that degradation of Tnl occurs in 
the heart cells before it gets released into 



wo 98/54218 



PCT/US98/10485 



30 

circulation • Tnl may, however, undergo processing 
after being released into circulation. The difficulty 
of obtaining serum samples during or immediately after 
chest pain thus far has made it difficult to determine 
where Tnl degradation occurs. The samples analyzed 
have been taken after admitting the patients to a 
hospital, but this could be days after MI, 

EXAMPLE VI - Protease Testing 

To test Tnl sensitivity to proteases, rTnl or 
bovine Tnl at 0.25 mg/ml was digested with 1% papain 
at 37*'C. At set time intervals, aliquots were 
withdrawn and the reaction was stopped by adding 
electrophoresis sample buffer. Numbers indicate the 
length of incubation in minutes. The digests were run 
on SDS-PAGE under reducing conditions. 

Figure 10 shows the fast disappearance of the 
intact Tnl molecule and the appearance of lower 
molecular weight fragments. A niimber of protease 
inhibitors, selected for broad spectrum of inhibition, 
were used to prevent Tnl degradation in serum (not 
shown) . Addition of these inhibitors to normal human 
serum before spiking with Tnl did not prevent Tnl 
degradation. 

EXAMPLE VII - Extraction of Tnl complex. 

The extraction procedure of MI patient serum was 
modified to investigate the possible association 
between Tnl and other Tn subunits. Troponin I 
extracted from patient serum was released from the 
beads according to the methods described above, 
except, in the absence of SDS. 

A MI patient serum pool with high level of Tnl 
immunoassay activity was incubated with latex beads 
coated with anti-Tnl Ab 2B1.9. The bound Tnl was 
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elated using buffer containing 8 M urea. The isolated 
Tnl was run on polyacrylamide gel electrophoresis 
(native gel, 10%, no SDS) and transferred to a PVDF 
membrane. The membrane was cut in two: one probed by 
anti Tnl Ab and the second by anti TnC Ab. The 
results are shown in Figure 11a. 

Samples from the same extract were run in 
duplicate on a native gel and transferred to PVDF 
membrane. The membrane was cut into 3 parts each 
containing duplicates of the extract. Each part was 
probed separately by anti-TnC, anti-Tnl or anti-TnT 
antibodies. The three different antibodies recognized 
a single band with comparable mobility suggesting that 
the isolated species contains the three troponin 
subunits Tnl, TnC and TnT. (Figure lib). 

EXAMPLE VIII - Comparison of Human Tnl Forms 

The activity of fragments of r-Tnl were compared. 

A, Preparation of and Properties of a Tnl 83 Amino 
Acid-clsoform II 

cisoform II was generated from r-Tnl (see Fig. 
13) using the endoproteinase Asp-N ("EndoAsp") . 
EndoAsp, a metalloprotease , cleaves at the N-terminus 
of aspartic acid. Recombinant Tnl was incubated with 
EndoAsp at a ratio of 100:1 (r-Tnl : EndoAsp, w/w) in 50 
mM sodium phosphate pH 8 containing 1 M urea for 2 0 
hours at 3 7'c. The major cleavage product consisted of 
88 amino acids starting at position 6 (Aspartic acid, 
D) and ending at position 95 (Glutamine, Q) (Fig. 13) 
(SEQ ID NO: 10) ("TnI88"). Figure 13 depicts the 
alignment of the human cardiac Troponin I amino acid 
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sequences. Single letter code has been used. Other 
symbols include: (r)=r-TnI (SEQ ID NO: 1); (h) native 
human cTnl (SEQ ID NO: 2); (I) -CNBI-CTnT isoform (SEQ 
ID NO: 3) ; (cam) =S-carboxyamidomethylcysteine . Once 
purified, the cisoform II was tested for purity and 
activity on SDS-polyacrylamide gel electrophoresis and 
the Stratus® II Tnl Immunoassay System, respectively. 
Non-specific binding was tested using Ferritin tabs. 
As shown in Figure 17, the cisoform II has higher 
activity (2-fold) and higher non-specific binding (2- 
fold) than the CNBr-cTnl isoform. However, little 
enhancement in Tnl activity of cisoform II was seen 
when it was incubated with TnC in the presence of 2 mM 
CaClj* 

B. Preparation of CNBr-cTnl Isoform (TnI153) 

Three trial preparations of the CNBr-cTnl isoform 
were conducted. Recombinant Tnl (10-20 mg. , 0.25-0.3 
mM) in 100 mM Na-phosphate , 10 ThM tris, 8 M urea, pH 
8 ("PTU buffer) was reduced by adding sufficient 
Dithiothreitol (DTT) freshly prepared in the same 
buffer (200 mM stock solution) to give a final 
concentration of 2,5 mM of DTT. The mixture was 
incubated at room temperature (approximately 2 3-2 5'C) 
for a time sufficient to reduce the rTnl 
(approximately 1 hour) . The reduced r-Tnl was treated 
with iodoacetamide (prepared in the PTU buffer, 4 00 mM 
stock solution) to give a final concentration of 15 mM 
of iodoacetamide in the reaction mixture. The mixture 
was then incubated for a time and under conditions 
sufficient to complete the carboxymethylation reaction 
(approximately 1 hour) in the dark at 37*C. 
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The mixture was transferred to 10 x 25 nun wide 
spectra/por (12-14 kd MWCO) dialysis tubing and 
dialyzed against 2xlL of 25% acetic acid for 24 hours 
at room temperature, with stirring. 
5 The dialyzed cTnl was lyophilized under vacuum 

(<1 mm Hg) between room temperature and 45*». The 
lyophilized rTnl was dissolved in approximately 1.4 ml 
70% formic acid and then CNBr (l ug/uL in 70% formic 
acid) was added to the rTnl solution to give a final 

10 concentration of 480 mM of CNBr (approximately 160 mol 

CNBr/mol methionine) . The tube containing the 
reaction mixture was purged with nitrogen and then 
incubated at least 16 hours at room temperature in the 
dark with rocking. The reaction was stopped by adding 

15 distilled water to give 1:10 dilution of the digest. 

The digest was lyophilized under vacuum (<1 mm Hg) 
between room temperature and 45*C. The lyophilized 
digest was dissolved in a minimum volume of 88% formic 
acid. The digest was applied on a Sephadex G-200 (1.6 

20 X 100 cm) column equilibrated with 25% acetic acid. 

The CNBr-cTnl isoform was eluted with 25% acetic acid. 
The first major peak, which represented the CNBr-cTnl 
isoform, was pooled and tested for purity by SDS-PAGE 
and for immunoreactivity by the Stratus® II Tnl 

25 Immunoassay System. 

As measured by the Stratus® II Tnl Immunoassay 
System, the purified CNBr-cTnl isoform has 3-4 fold 
higher immunological activity than r-Tnl (See Figs. 15 
and 16) . 

30 As disclosed in copending application No. 

08/564,526/ the purified CNBR-cTnl isoform migrates 
on SDS-PAGE gel electrophoresis as a single band with 
an apparent molecular weight of 21,000 daltons. 
Western blot analysis of the CNBr-cTnl isoform has a 
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molecular weight close to that of a major degradation 
fragment of cTnl in MI patient serum. The N-teirminal 
sequence analysis of the isoform gave the sequence 
Ala-Asp-Gly-Ser-Ser-Asp-Ala-Ala-Ala-Arg-Glu, which is 
identical to the N-terminal sequence of human cTnl 
(SEQ ID NO: 2) . Amino acid analysis confirms that the 
purified CNBr-cTnl isoform represents the first 153 
amino acids of the cTnl molecule, (SEQ ID NO: 1.) 

C. Western blot of isoforms: 

Samples (25-50ng) of each of rTnl , TnI153 and 
TnI88 were western blotted as shown in Figure 12. 
Lane 1 contained a molecular weight standard. Lane 2 
contained intact recombinant Tnl (rTnl) . Lane 3 
contained the CNBr Tnl isoform ("TnI153") (from amino 
acid 1-153 of SEQ ID NO:2). Lane 4 contained Tnl 
isoform II ("TnI88") (from amino acid 6-95 of SEQ ID 
NO: 2) . 

Furthermore, the relationship between Tnl 
fragment length and activity was analyzed by measuring 
activity using the STRATUS® II Immunoassay System 
(Dade International Inc.). 40 nM of each of rTnl, 
TnI153 and TnI88 were added to calibrator base 
containing BSA. The results are shown in Table 2. 



TABLE 2 



FORM 



ACTIVITY (mV/min) 



rTnl 
TnI153 
Tnl 88 



849 

5762 

11783 



As shown in Table 2 and Figure 12, the activity 
of the fragments is significantly greater than the 
activity of the intact Tnl molecule. As shown in 
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Table 2, the smaller fragment, Tnl 88 is more active 
than TnI15 3. This data shows that Tnl fragments are 
more active than intact Tnl in vivo. 

EXAMPLE 12 - The cTnl fragment as a Calibrator and a 
Control 

A. Preparation of controls: 

A stock solution of the cTnl fragment (1 mg/ml) 
was prepared in 100 mM sodium phosphate buffer pH 8 
containing 10 mM tris and 8 M urea using polypropylene 
tubes. A liquid tri-level assay control containing 
the cTnl fragment was prepared in serum, diluted 
serum, plasma, diluted plasma or control base using 
plastic labware. Any type of control base can be 
used. Preferably the base is a buffer containing BSA. 
For example, a preferred base used contained contains 
9.5% protease free BSA, 8 . 18 mM EDTA, 0.1% bovine 
gelatin, 50 mM sodium phosphate, 700 mM sodium 
chloride, 5% Trehalose, 3 ppm Clotrimazole 
(antibacterial agent), 163 ppm chloramphenicol, 2.58 
mM N-acetyl-cysteine, at pH 7.3. Alternatively, 2mm 
CaCl^ may be used in place of the EDTA. Optionally, 
0.5% sodium azide can be added. 

Alternatively, instead of a buffer, the fragments 
were spiked into serum, e.g., hxaman or bovine, or into 
diluted serum, e.g., serum diluted 1:1 with MES buffer 
containing BSA. 

The levels of controls were: 



Manuf acturincr Ranges 



cTnl Ranae fng/ml) 



Level 1 



3 



- 6 



Level 2 



17-22 



Level 3 



35-44 
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CTnl fragment stock solution was spiked into 
serum, diluted serum, plasma, diluted plasma or. base 
at the designated level. The mixtures are filtered 
and tested on the Stratus® II Immunoassay System for 
the matching of Tnl concentration. Preparation of 
each level (3 ml each) were placed in plastic vials 
which were either stored at 4** C or lyophilized. The 
lyophilized material was reconstituted using 3 ml of 
water upon use. 

B. Preparation of Calibrators: 

The calibrators were made by adding a sufficient 
amount of cTnl fragment stock solution to serum, 
plasma or base, to give final concentrations ranging 
from 2 to 50 ng/ml. The cTnl fragment calibrator 
concentrations were 0 ng/ml, 2 ng/ml, 8 ng/ml, 15 
ng/ml, 25 ng/ml and 50 ng/ml. Preferably the base is 
a buffer containing BSA. For example, a preferred 
base used contained contains 9,5% protease free BSA, 
8.18 mM EDTA, 0.1% bovine gelatin, 50 mM sodium 
phosphate, 700 mM sodium chloride, 5% Trehalose, 3 ppm 
Clotrimazole (antibacterial agent) , 163 ppm 
chloramphenicol, 2.58 mM N-acetyl-cysteine, at pH 7.3. 
Alternatively, 2mm CaClj may be used in place of the 
EDTA. Optionally, 0.5% sodium azide can be added. 

Alternatively, instead of a buffer, the fragments 
were spiked into serum, e.g., human or bovine, or into 
diluted serum, e.g., serum diluted 1:1 with MES buffer 
containing BSA. 

Each calibrator level was filtered and analyzed 
on the Stratus® II Immunoassay System using Tnl 
immunoassay and matched against the reference level. 
The calibrators were then filled into their designated 
vials and either lyophilized or stored at 4°C. The 
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lyophilized calibrators were reconstituted to the pre 
lyophilization volume using water. 

The invention has been described in detail with 
particular reference to the preferred embodiments 
thereof. However, it will be appreciated that 
modifications and improvements within the spirit and 
teachings of this inventions may be made by those in 
the art upon considering the present disclosure. 
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SEQUENCE LISTING 



1) GENERAL INFORMATION: 

(i) APPLICANTS: Dade InCemacional Inc, 
Morjana, Nihmac A. 
Puia, Angela M. 

(ii) TITLE OF INVENTION: TROPONIN I FORMS AND USE OF SAME 

(iii) NUMBER OF SSQUEVCES : 10 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: DADS INTERNATIONAIi INC, 

(B) STREET: 1717 Deerfield Road 

(C) CITY: Deerfield 

(D) STATS: Illinois 

(E) COUNTRY: US 

(F) ZIP: eOOlS 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
(3) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS -DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1,25 

(vi) CURi^ENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
(3) FILING DATE: 2 9 May 19 97 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: WINSTON, Lois K. 

(B) REGISTRATION NUMBER: 3 9,074 

(C) REFERENCE /DOCKET NUMBER: DA- 9 018 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (708) 267-5364 

(B) TELEFAX: (708) 267-5376 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 6 amino acids 

(B) TYPE: amino acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Met Ala Ser Met Thr Leu Trp Met Ala Asp Gly Ser Ser Asp Ala Ala 
^ S 10 15 

Arg Glu Pro Arg Pro Ala Pro Ala Pro lie Arg Arg Arg Ser Ser Asn 

20 25 30 

Tyr Arg Ala Tyr Ala Thr Glu Pro His Ala Lys Lys Lys Ser Lys lie 
35 40 45 

Ser Ala Ser Arg Lys Leu Gin Leu Lys Thr Leu Leu Leu Gin lie Ala 
50 55 60 

Lys Gin Glu Leu Glu Arg Glu Ala Glu Glu Arg Arg Gly Glu Lys Gly 
65 70 75 80 

Arg Ala Leu Ser Thr Arg Cys Gin Pro Leu Glu Leu Thr Gly Leu Gly 

85 90 95 

Phe Ala Glu Leu Gin Asp Leu Cys Arg Gin Leu His Ala Arg Val Asp 
100 105 110 

Lys Val Asp Glu Glu Arg Tyr Asp lie Glu Ala Lys Val Thr Lys Asn 
115 120 125 

lie Thr Glu lie Ala Asp Leu Thr Gin Lys lie Phe Asp Leu Arg Gly 
130 135 140 

Lys Phe Lys Arg Pro Thr Leu Arg Arg Val Arg lie Ser Ala Asp Ala 
145 150 155 ^ 160 

Met Met Gin Ala Leu Leu Gly Ala Arg Ala Lys Glu Ser Leu Asp Leu 

165 170 175 

Arg Ala His Leu Lys Gin Val Lys Lys Glu Asp Thr Glu Lys Glu Asn 
180 185 190 

Arg Glu Val Gly Asp Trp Arg Lys Asn lie Asp Ala Leu Ser Gly Met 
195 200 205 

Glu Gly Arg Lys Lys Lys Phe Glu Ser Pro Met Val His His His His 
210 215 220 

His His 
225 
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2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 09 amino acids 

(B) TYPE: amino acid 

(C) STRANDSDNESS : single 

(D) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Ala Asp Gly Ser Ser Asp Ala Ala Arg Glu Pro Arg Pro Ala Pro Ala 
1 5 10 15 

Pro lie Arg Arg Arg Ser Ser Asn Tyr Arg Ala Tyr Ala Tiir Glu Pro 
20 25 30 

His Ala Lys Lys Lys Ser Lys lie Ser Ala Ser Arg Lys Leu Gin Leu 
35 40 45 

Lys Thr Leu Leu Leu Gin lie Ala Lys Gin Glu Leu Glu Arg Glu Ala 
50 55 60 

Glu Glu Arg Arg Gly Glu Lys Gly Arg Ala Leu Ser Thr Arg Cys Gin 
65 70 75 80 

Pro Leu Glu Leu Thr Gly Leu Gly Phe Ala Glu Leu Gin Asp Leu Cys 

85 90 95 

Arg Gin Leu His Ala Arg Val Asp Lys Val Asp Glu Glu Arg Tyr Asp 
100 105 110 

lie Glu Ala Lys Val Thr Lys Asn lie Thr Glu lie Ala Asp Leu Thr 
115 120 125 

Gin Lys lie Phe Asp Leu Arg Gly Lys Phe Lys Arg Pro Thr Leu Arg 
130 135 140 

Arg Val Arg lie Ser Ala Asp Ala Met Met Gin Ala Leu Leu Gly Ala 
145 150 155 160 

Arg Ala Lys Glu Ser Leu Asp Leu Arg Ala His Leu Lys Gin Val Lys 

165 170 175 

Lys Glu Asp Thr Glu Lys Glu Asn Arg Glu Val Gly Asp Trp Arg Lys 
180 185 190 

Asn lie Asp Ala Leu Ser Gly Met Glu Gly Arg Lys Lys Lys Phe Glu 
195 200 205 

Ser 
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(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 153 amino acids 
(3) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Ala Asp Gly Ser Ser Asp Ala Ala Arg Glu Pro Arg Pro Ala Pro Ala 
15 10 15 

Pro lie Arg Arg Arg Ser Ser Asn Tyr Arg Ala Tyr Ala Thr Glu Pro 
20 25 30 

His Ala Lys Lys Lys Ser Lys lie Ser Ala Ser Arg Lys Leu Gin. Leu 
35 40 45 

Lys Thr Leu Leu Leu Gin lie Ala Lys Gin Glu Leu Glu Arg Glu Ala 
SO 55 60 

Glu Glu Arg Arg Gly Glu Lys Gly Arg Ala Leu Ser Thr Arg Cys Gin 
65 70 75 80 

Pro Leu Glu Leu Thr Gly Leu Gly Phe Ala Glu Leu Gin Asp Leu Cys 

85 90 95 

Arg Gin Leu Kis Ala Arg Val Asp Lys Val Asp Glu Glu Arg Tyr Asp 
100 105 110 

lie Glu Ala Lys Val Thr Lys Asn lie Thr Glu lie Ala Asp Leu Thr 
115 120 125 

Gin Lys lie Phe Asp Leu Arg Gly Lys Phe Lys Arg Pro Thr Leu Arg 
130 135 140 

Arg Val Arg lie Ser Ala Asp Ala Met 
145 150 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 211 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Met Ala Asp Gly Ser Ser Asp Ala Ala Arg Glu Pro Arg Pro Ala Pro 
1 " 5 10 15 

Ala Pro lie Arg Arg Arg Ser Ser Asn Tyr Arg Ala Tyr Ala Thr Glu 
20 25 30 

Pro His Ala Lys L.ys Lys Ser Lys lie Ser Ala Ser Arg Lys Leu Gin 
35 40 45 

Leu Lys Tlir Leu Leu Leu Gin lie Ala Lys Gin Glu Leu Glu Arg Glu 
50 55 €0 

Ala Glu Glu Arg Arg Gly Glu Lys Gly Arg Ala Leu Ser Thr Arg Cys 
65 70 75 80 

Gin Pro Leu Glu Leu Tiir Gly Leu Gly Phe Ala Glu Leu Gin Asp Leu 

85 90 95 

Cys Arg Gin Leu His Ala Arg Val Asp Lys Val Asp Glu Glu Arg Tyr 
100 105 110 

AsiD lie Glu Ala Lys Val Thr Lys Asn lie Thr Glu lie Ala Asp Leu 
115 120 125 

Thr Gin Lys lie Phe Asp Leu Arg Gly Lys Phe Lys Arg Pro Thr Leu 
130 135 140 

Arg Arg Val Arg He Ser Ala Asp Ala Met Met Gin Ala Leu Leu Gly 
145 150 155 160 

Ala Arg Ala Lys Glu Ser Leu Asp Leu Arg Ala His Leu Lys Gin Val 

165 170 175. 

Lys Lys Glu Asp Thr Glu Lys Glu Asn Arg Glu Val Gly Asp Trp Arg 
180 185 190 

Lys Asn He Asp Ala Leu Ser Gly Met Glu Gly Arg Lys Lys Lys Phe 
195 ' 200 205 

Glu Ser Pro 
210 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



I 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

Ala Ser Met 
1 

(2) INFORMATION FOR SEQ ID NO:€: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 

Thr Leu Trp Met 
1 

(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

Gin, Ala Leu Leu Gly Ala Arg Ala Lys Gly Ser Leu Asid Leu Arg Ala 
^5 10 ' 15 

His Leu Lys Gin Val Lys Lys Glu Asp Thr Glu Lys Glu Asn Arg Glu 
20 25 30 

Val Gly Asp Trp Arg Lys Asn He Asp Ala Leu Ser Gly Met 
35 40 45 

(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

Glu Gly Arg Lys Lys Lys Phe Glu Ser Pro Met 
^ 5 10 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

Val His His His His His His 
1 5 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 88 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Asp Ala Ala Arg Glu Pro Arg Pro Ala Pro Ala Pro lie Arg Arg Arg 
15 10 15 

Ser Ser Asn Tyr Arg Ala Tyr Ala Thr Glu Pro His Ala Lys Lys Lys 
20 25 30 

Ser Lys lie Ser Ala Ser Arg Lys Leu Gin Leu Lys Thr Leu Leu Leu 
35 40 45 

Gin lie Ala Lys Gin Glu Leu Glu Arg Glu Ala Glu Glu Arg Arg Gly 
50 55 60 

Glu Lys Gly Arg Ala Leu Ser Thr Arg Cys Gin Pro Leu Glu Leu Thr 
€5 70 75 80 

Gly Leu Gly Phe Ala Glu Leu Gin 

85 
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We claim: 

1. An isolated fragment of human cardiac Tnl 
comprising the following sequence 

X - A - B - Y 

wherein 

X comprises any of amino acid residues 1-27 of 
SEQ ID NO: 2; 

A comprises amino acid residues 28-69 of SEQ ID 
NO : 2 ; 

B comprises amino acid residues 70-90 of SEQ ID 
NO: 2; 

and Y comprises any of amino residues 91-170 of SEQ ID 
NO: 2 , 

2. The isolated fragment of claim 1, wherein X 
is selected from the group of amino acid residues 
consisting of 1-27, 2-27, 4-27, 6-27, 10-27, 15-27, 
20-27, 25-27, and 27 of SEQ ID NO: 2. 

3. The isolated fragment of claim 1, wherein X 
is selected from the group of amino acid residues 
consisting of 1-27, 2-27, 3-27, 4-27, 5-27, 6-27, 7- 
27, 8-27, 9-27, 10-27, 15-27, 20-27, 21-27, 22-27, 23- 
27, 24-27, 25-27, 26-27, and 27 of SEQ ID NO: 2. 

4. The isolated fragment of claim 1, wherein Y 
is selected from the group of amino acid residues 
consisting of 91-95, 91-100, 91-105, 91-110, 91-115, 
91-120, 91-130, 91-140, 91-145, 91-150, 91-153, 91- 
155, 91-160, 91-165, and 91-170 of SEQ ID NO 2. 

5. The isolated fragment of claim 1, wherein Y 
is selected from the group of amino acid residues 
consisting of 91-92, 91-93, 91-94, 91-95, 91-96, 91- 
97, 91-98, 91-99, 91-100, 91-105, 91-110, 91-115, 91- 
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116, 91-117, 91-118, 91-119, 91-120, 91-121, 91-122, 
91-123, 91-124, 91-125, 91-126, 91-127, 91-128, 91- 
129, 91-130, 91-131, 91-132, 91-133, 91-134, 91-135, 
91-136, 91-137, 91-138, 91-139, 91-140, 91-141, 91- 

142, 91-143, 91-144, 91-145, 91-146, 91-147, 91-148, 
91-149, 91-150, 91-151, 91-152, 91-153, 91-154, 91- 
155, 91-160, 91-165, and 91-170 of SEQ ID NO: 2. 

6. The fragment according to claim 1, wherein X 
comprises residues 1-27, 6-27, or 27 of SEQ ID NO: 2 
and y comprises Y comprises any of residues 91-95, 91- 
120, 91-121, 91-122, 91-123, 91-124, 91-125, 91-126, 
91-127, 91-128, 91-129, 91-130, 91-131, 91-132, 91- 
133, 91-134, 91-135, 91-136, 91-137, 91-138, 91-139, 
91-140, 91-141, 91-142, 91-143, 91-144, 91-145, or 91- 
153 of SEQ ID NO: 2. 

7. The fragment according to claim 1, wherein X 
comprises 

residues 1-27 and Y comprises any of 91-135, 91-136, 
91-137, 91-138, 91-139, 91-140, 91-141, 91-142, 91- 

143, 91-144, 91-145, or 91-153 of SEQ ID NO: 2, 

8. The fragment according to claim 1, wherein 
the fragment has a greater immunological reactivity 
than intact cTnl when the fragment and intact cTnl are 
reacted with a monoclonal antibody which has an 
epitopic site on the fragment. 

9. The fragment according to claim 1, wherein 
the fragment has an immunological reactivity at least 
two times greater than intact cTnl when the fragment 
and intact cTnl are reacted with a monoclonal antibody 
which has an epitopic site on the fragment. 
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10. The fragment according to claim 1, wherein 
the fragment has an apparent molecular weight of 

14, 000. 

11. The fragment according to claim 1, wherein 
the fragment comprises the binding site for TnC, 

12. A human cardiac Tnl fragment comprising a 
14,000 MW fragment of human native cardiac Tnl wherein 
the fragment is a degradation product of a 13,000 MW 
fragment of human native cTnl. 

13 . A method of isolating a fragment of human 
native cardiac Troponin I in blood or serum samples 
comprising: 

immobilizing antibodies to cTnl on a substrate; 
mixing the sample to be tested with the antibody- 
coated substrates- 
incubating the mixture for a length of time; 
removing the antibody-bound Tnl from the mixture; 

and , 

eluting the Tnl from the antibody-coated 
substrate . 

14. The method according to claim 4, further 
comprising measuring the amount of Tnl in the final 
eluant. 

15. A method of isolating from blood or serum a 
fragment of human cardiac Tnl comprising the following 
sequence 

X - A - B - Y 

wherein X comprises any of amino acid residues 1-27 of 
SEQ ID NO: 2; A comprises amino acid residues 28-69 of 
SEQ ID NO: 2; B comprises amino acid residues 70-90 of 
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SEQ ID NO: 2; and Y comprises any of amino residues 
91-170 of SEQ ID NO: 2, the method comprising 
extracting the cTnl fragment using latex beads coated 
with anti-Tnl monoclonal antibodies. 

16, A calibrator for a Tnl immunoassay 
comprising : 

a) a known amount of the fragment of claim 1; 

and 

b) serum or calibrator base. 

17. The calibrator according to claim 16, 
wherein the calibrator base comprises a buffer 
containing BSA. 



18, A control for a Tnl immunoassay comprising: 

a) a known amount of the fragment of claim 1; 

and 

b) serum or control base. 



19,. The control according to claim 13 wherein 
the control base comprises a buffer containing BSA. 

20. A fragment of human cardiac Tnl isolated 
from blood or serum samples by the method comprising: 

immobilizing antibodies to cTnl on a substrate; 

mixing the sample to be tested with the antibody- 
coated substrate; 

incubating the mixture for a predetermined length 
of time; 

removing the antibody-bound Tnl from solution; 

and, 

eluting the Tnl from the antibody-coated 
substrate . 
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Western Blot Analysis 
of MI Patient Serum (Pool) 




10 987654321 



FIG. 2A 
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Tnl forms in Individual MI Patient Serum 




FIG. 3A 



FIG. 3B 
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FIG. 3C 
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N-terminal Processing 
of MI Patient Serum Tnl 

1 25 
(H) A-D-G-S-S-D-A-A-R-E-P-R-P-A-P-A-P-I-R-R-R-S-S-N-Y- 
(F) 

26 50 
R-A-Y-A-T-E-P-H-A-K-K-K-S-K-I-S-A-S-R-K-L-Q-L-K-T- 
A-Y-A-T-E-P-H-A-K-K-K-S-K-I-S-A-S-R-K-L-Q-L-K-T- 

51 

L-L-L-Q-I-A-K-Q-E-L-E-R-E-A-E-E-R-R-G- 
L-L-L-Q-I-A-K-Q-E-L-E-R-E-A-E-E-R-R-G- 



H: Human Tnl (native) 
F: Patient Serum Tnl Fragment 



/ 

FIG. 4A 
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Western Blot Analysis of Human Tnl Forms 




12 3 4 



- Lane #1 Molecular Weight Standard. 

- Lane #2 Recombinant Tnl (rTnl). 

- Lane #3 CNBr Tnl Isoform (TnI-153 a.a.) 153. 

- Lane #4 Tnl Isoform II (TnI-88 a.a.) 6-*- 95. 

(Ref. Human Heart CNBr Tnl Isoform, Nihmat Morjana 
and Curtis DeMarco, patent application). 

FIG. 12 
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Amino Acid Sequence of Tnl Forms 
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L-Q-L-K-T-L-L-L-Q-I-A-K-Q-E-L-E-R-E-A-E-E-R-R-G-E-K-G-R- 

A-L-S-T-R-C-Q-P-L-E-L-T-G-L-G-F-A-E-L-Q-D-L-C-R-Q-L-H- 
A-L-S-T-R-C-Q-P-L-E-L-T-G-L-G-F-A-E-L-Q-D-L-C-R-Q-L-H- 
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Map of expression Vector 
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